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AMENDMEN T* TO THE CLAIMS: 

A listing of the entire set of claims (including amendments to the claims) is 
submitted herewith. The listing of claims will replace all prior versions, and listing of 
claims in the Application. 

1 . (Currently Amended) A method for determining the interaction of biological 

elements in * hinlnnical system c omprising: 

generating a model of the a biological system, the model comprising one or more 
g vmhms represe ntin g ,n initial hyp ot h et i ca l state of one or more biological elements , 
virgin the initial hypothetical sta t » * inriirative of the initial presence of one or more 
hinr.h*mi C al ch«r a ^ristir.s of t h » ™" ™ more biological elements, and further 
™ m p rig,nn nne or more rules that express a substitution of at least one symbol by at 
least another symbol, I h o cymbolc r op rcoont i ng o b i o l ogical olomont, at least some of 
the rules representing interactions between biological elements, and at least some of 
the rules being expressed in a manner that enables an inference engine to process the 
rules by substituting symbols ana to Infer from the one or more symbols representing 
th* initial h ypothetical state, a lternative resultant states indicative of the presence of one 
or more biochemical characteristic of the on e o r more biolo gical elements , fesutts^rem 
symbo ls roproconting an i n i tial hypothot i oa l ctatft 

2. (Original) The method of claim 1 wherein one or more of the rules 
comprises an operator for expressing a relationship between at least two of the 
biological elements, the operator conforming to associative and commutative properties. 
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rcproo o nting a I llogical olo m m f r wherein at least some of the rules are not term.nat.ng 
afl 4-at4ea e t-ser^ 

QBgiR&4Q4 rte^^ hum 11 io cyntn m r nn«d on an in i tm l hyp n the ftealstate. 

5. (Original) The method of claim 1 wherein at least one of the rules 
represents a feedback or feedforward interaction between biological elements. 

6. (Currently Amended) The method of claim 1 wherein one or more of the 
rules are determined hv a rewritin n logic which is reflective. 

7. (Currently Amended) The method of claim 1 wherein one or more of the 
symbols representing the one or more b iological elements is typed. 

8. (Original) The method of claim 7 wherein the types of symbols are 
organized in hierarchical classes. 

9. (Currently Amended) The method of claim 8. A mothod for dotorm i ning th n 
ctato of a biolog i cal syetom, tho mothod compr i sing: generating a modo l of a b i o lngirtnl 
oyctom, tho model oompr ic ing , ucing tho oymb o lo to dofino obo u t the b i o l o g i cal ny rto m , 
whoroin ouch ru l oo that oxprooo a cubotitution of at loaot ono oymbo l by at l oaot another 
cymbo l , , and oxprocoing at l oaot como of tho ru l oc in a mannor that on a b l os an 
i nference eng i ne to procooo tho rulos by cubot i tut i ng oymbo l o and infor a l ternat i ve 
roou l to from tho oyctom baood on an in i t i a l hypothetica l state ; wherein one or more of 
the symbols are typed into hierarchical classes, and a symbol for one of the hierarchical 
classes is matched by any symbol that is a member of the hierarchical class. 
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rules as lines interconnecting points, each interconnected point corresponding to a 
symbol that is an operand of the rule. 

12. (Withdrawn) The method of claim 1 wherein one or more of the symbols 
represents a polypeptide selected from the group consisting of a protein kinase, a 
transcription factor, a cytokine, and a nucleotide binding protein. 

13. (Withdrawn) The method of claim 1 wherein one or more of the symbols 
represents a polypeptide selected from the group consisting of pRB, cyclins, cyclin- 
dependent kinases, cyclin-dependent kinase inhibitors, p53, E2F, and DP 1 . 

14. (Original) The method of claim 1 wherein one or more of the symbols 
represents a drug or exogenous agent. 

15. (Withdrawn) The method of claim 1 wherein one or more of the symbols 
represents post-translational modification. 

16. (Original) The method of claim 1 wherein the model of the biological 
system includes a first set of symbols representing molecules in a first cell and a second 
set of symbols representing molecules in a second cell. 

17. (Original) The method of claim 16 wherein one or more of the first set of 
symbols comprises the same symbols of the second set. 

18. (Currently Amended) An article comprising machine-readable media 
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rem o unt i n g a bi n l nn i n l M o m n nt least some of the rules resenting interacts 
u^«n biological «l*ments. and a t least one some of the rules being expressed m a 
manner that enables an inference engine to process the rules by substituting symbols 
and to infer ftnm th« one or mor* symbols re prese n ting th e initial hypothetical state, 
alternative resultcfrom oymb o ls roprocont i ng nn i n i t i a l hypoth etieaj-state resultant states 
■native of the nmnancB of one nr mr> m biochemical characteristics of the one or more 
biological elements . 

19. (Original) The article of claim 18 wherein one or more of the rules 
comprises an operator for expressing a relationship between at least two of the 
biological elements, the operator conforming to associative and commutative properties. 

20. (Original) The article of claim 18 wherein one or more of the rules 
expresses concurrent state transitions. 

21 . (Original) The article of claim 1 8 wherein at least some of the rules are not 
terminating. 

22. (Original) The article of claim 18 wherein at least one of the rules 
represents a feedback or feedforward interaction between biological elements. 

23. (Currently Amended) The article of claim 18 wherein one or more of the 
rules are determined bv a rew riting logic which is reflective. 

24. (Original) The article of claim 18 wherein one or more of the symbols 
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26. (Original) The article of claim 25 wherein a symbol for one of the 
hierarchical classes is matched by any symbol that is a member of the hierarchical 
class. 

27. (Original) The article of claim 18 wherein at least some of the rules are 
conditional. 

28. (Withdrawn) The article of claim 18 wherein one or more of the symbols 
represents a polypeptide selected from the group consisting of a protein kinase, a 
transcription factor, a cytokine, and a nucleotide binding protein. 

29. (Withdrawn) The article of claim 18 wherein one or more of the symbols 
represents a polypeptide selected from the group consisting of pRB, cyclins, cyclin- 
dependent kinases, cyclin-dependent kinase inhibitors, p53, E2F, and DPi. 

30. (Original) The article of claim 18 wherein one or more of the symbols 
represents a drug or exogenous agent. 

31. (Withdrawn) The article of claim 18 wherein one or more of the symbols 
represents post-translational modification. 

32. (Previously Presented) An article comprising machine-readable media 
having encoded thereon a model of a biological system, the model comprising rules that 
express a substitution of at least one symbol by at least another symbol, the symbols 
representing a biological element, and at least one of the rules being expressed in a 
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33. (Original) The article of claim 32 wherein one or more of the first set of 
symbols comprises the same symbols of the second set. 

34. (Currently Amended) A method fnr determining tlw interaction of biological 
elements in a hioloaical system, comprising: 

receiving a set of symbols in an inference engine, the set of symbols 
representing an initial a hypothetical MtU state of a biological system, wherein the 
initial hypothetic! state is indicative of the ini tia l pr esenc e of one or more biochemical 
characteristics of one or more hioloaical elements Uiu oymUu lG roprocont i n g n l n m o ntR o f 

tho biologica l cystem ; and 

processing the initial hypothetical state using rules that express a substitution of 
at least one of the symbols by at least another symbol roprocont i ng a b i ological element 
to infer from the symbols representing the initial hypothetical state, alternative resultant 
states of tho cyctcm indicative of the presence of one or more biochemicaj 
characteristics of the one ore m ore biological elements.T 

35. (Original) The method of claim 34 wherein the set of symbols representing 
the hypothetical initial state is generated from an expression profile for a biological 
sample. 

36. (Currently Amended) The method of claim 34, further comprising: 
parsing a profile for a biological sample into symbols; and 

mekwte including at least some of the symbols in the set of symbols 
representing a hypothetical initial state of the biological system. 
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39. (Original) The method of claim 36 wherein the biological sample is 
associated with a disease or disorder. 

40. (Original) The method of claim 39 wherein the disease or disorder is 
selected from the group consisting of cancer, diabetes, infection by a pathogen, 
inflammation, and a disease of aging. 

41. (Currently Amended) The method of claim 34 wherein rul es which are 
non-terminatina cause infinite substitution chains aro dotootod . 

42. (Currently Amended) The method of claim 34 wherein values of one or 
more of the symbols of the resultant states are displayed graphically ao a winng 
riingram as a graphical display . 

43. (Currently Amended) The method of claim 42 wherein the graphical 
d j SP | av wiring diagram comprises a graph having lines interconnecting points, each line 
corresponding to a rule such that each interconnected point of the line corresponds to a 
symbol that is an operand of the rule. 

44. (Original) The method of claim 34 further comprising: 

comparing each of the alternative resultant states to one or more reference 

states. 

45. (Original) The method of claim 44 wherein the one or more reference 
states comprise a state associated with cell proliferation, cell quiescence, cell apoptosis, 
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47. (Original) The method of claim 44 wherein the hypothetical initial state 
represents a sample from a patient. 

48. (Original) The method of claim 34 wherein the set of symbols representing 
hypothetical initial state comprises a symbol representing a genetic alteration. 

49. (Original) The method of claim 44 wherein the one or more reference 
states comprise a state associated with a disease or disorder. 

50. (Original) The method of claim 49 wherein the disease is selected from the 
group consisting of cancer, diabetes, infection by a pathogen, inflammation, and a 
disease of aging. 

51. (Original) The method of claim 34 wherein one or more of the rules 
comprises an operator for expressing a relationship between at least two of the 
biological elements, the operator conforming to associative and commutative properties. 

52. (Original) The method of claim 34 wherein one or more of the rules 
expresses concurrent state transitions. 

53. (Original) The method of claim 34 wherein at least some of the rules are 
not terminating. 

54. (Original) The method of claim 34 wherein at least one of the rules 
represents a feedback or feedforward interaction between biological elements. 
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57. (Original) The method of claim 56 wherein the types of symbols are 
organized in hierarchical classes. 

58. (Original) The method of claim 57 wherein a symbol for one of the 
hierarchical classes is matched by any symbol that is a member of the hierarchical 
class. 

59. (Original) The method of claim 34 wherein at least some of the rules are 
conditional. 

60. (Withdrawn) The method of claim 34 wherein one or more of the symbols 
represents a polypeptide selected from the group consisting of a protein kinase, a 
transcription factor, a cytokine, and a nucleotide binding protein. 

61 . (Withdrawn) The method of claim 34 wherein one or more of the symbols 
represents a polypeptide selected from the group consisting of pRB, cyclins, cyclin- 
dependent kinases, cycltn-dependent kinase inhibitors, p53, E2F, and DP 1 . 

62. (Original) The method of claim 34 wherein one or more of the symbols 
represents a drug or exogenous agent. 

63. (Withdrawn) The method of claim 34 wherein one or more of the symbols 
represents post-translational modification. 
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66. (Currently Amended) A method thr determining the interaction of biological 
elements in a biological system, c omprising: 

receiving a set of symbols in an inference engine, the set of symbols 
representing an initial a hypothetical initial state of a biological system, wherein the 
initial hypothetical state is indicative of th e initial presence of one or more biochemical 
characteristics of one or more biologi c al elements tho cymbols ropro o onting b i olo gi c al 
o l omonts of tho system ; and 

iteratively substituting at least one of the symbols by at least another symbol 
roprooonting a biological olomont using rules that represent interactions between the 
biological elements to detect, based on the in itial hypothetical state, until a terminal 
state ic dotocted or until alternative resultant states aro dotocted, such terminal state o r 
such alternative resultant states indicative of the presence of one or more biochemical 
characteristics of the one or more biological elements. 

67. (Original) The method of claim 66r further comprising outputting the 
terminal state or at least one of the alternative resultant states. 

68. (Original) The method of claim 66 wherein the hypothetical initial state 
represents a biological sample from a patient. 

69. (Original) The method of claim 68 wherein the biological sample is 
associated with a disease or disorder. 

70. (Original) The method of claim 69 wherein the disease or disorder is 
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melude including at least some of the symbols in the set of symbols representing 
a hypothetical initial state of the biological system. 

72. (Original) The method of claim 66 T further comprising: 

comparing each of the alternative resultant states to one or more reference 

states. 

73. (Original) The method of claim 72 wherein the one or more reference 
states comprise a state associated with cell proliferation, cell quiescence, cell apoptosis, 
and cell differentiation. 

74. (Original) The method of claim 72 wherein the alternative resultant states 
are compared to two or more reference states, each reference state being associated 
with a diagnosis. 

75. (Original) The method of claim 66 wherein the set of symbols representing 
hypothetical initial state comprises a symbol representing a genetic alteration. 

76. (Original) The method of claim 66 wherein one or more of the symbols 
representing the biological elements is typed. 

77. (Withdrawn) A method comprising: 

receiving into an inference engine a rule set comprising rules that express a 
substitution of one or more of the symbols representing biological elements by at least 
another symbol representing a biological element; and determining a property of the 
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79. (Withdrawn) The method of claim 77 wherein the property comprises an 
indicator of whether the rule set includes one or more rules expressing a feedback or 
feedforward interaction. 

80. (Withdrawn) The method of claim 77 wherein the determining comprises 
associative-commutative matching. 

81. (Withdrawn) The method of claim 77 further comprising generating a 
decision diagram. 

82. (Withdrawn) A method comprising: 

receiving into an inference engine (1) at least a first and a second set of symbols 
wherein the first set of symbols represents a hypothetical first state of a biological 
system, and the second set of symbols represents a hypothetical second state of the 
biological system, and the symbols represent biological elements of the biological 
system, and (2) rules that express a substitution of one or more of the symbols 
representing biological elements by at least another symbol representing a biological 
element; and 

determining if one or more of the rules must be true or false for the first state to 
reach the second state by processing the first state using the rules. 

83. (Withdrawn) The method of claim 82 wherein the hypothetical first state 
represents a hypothetical reference sample, the hypothetical second state represents a 
sample associated with a disease or disorder, and a rule determined to be true identifies 
biological elements represented by its operands as drug targets. 
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parsing the first and second profiles to produce the first and a second set of 
symbols. 

85. (Withdrawn) The method of claim 84 wherein the first and second samples 
have one or more genetic alterations with respect to one another. 

86. (Withdrawn) The method of claim 84 in which the first and second profiles 
include information about mRNA expression. 

87. (Withdrawn) The method of claim 84 in which the first and second profiles 
include information about polypeptide abundance. 

88. (Withdrawn) The method of claim 84 in which the first and second profiles 
include information about polypeptide modification. 

89. (Withdrawn) The method of claim 84 in which the first and second profiles 
include information about metabolite abundance. 

90. (Withdrawn) The method of claim 82 in which one or more of the rules 
expresses concurrent state transitions. 

91. (Withdrawn) The method of claim 82 in which at least some of the rules 
are not terminating. 

92. (Withdrawn) The method of claim 82 in which at least one of the rules 
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94. (Withdrawn) The method of claim 93 in which the types of symbols are 
organized in hierarchical classes. 

95. (Withdrawn) The method of claim 82 wherein the hypothetical first state 
represents a hypothetical reference sample, the hypothetical second state represents a 
sample contacted with a drug or exogenous agent, and a rule determined to be true 
identifies biological elements represented by its operands as drug targets. 

96. (Currently Amended) An article comprising machine-readable media 
having encoded thereon software configured to cause the processor to: 

receive a set of symbols in an inference engine , the set gfsymbols representing 
a an initial hypothetical initial state of o b i o l ogical system, tho cymbo l o repre s enting one 
or more biological elements of the a biological system, wherein the initial hypothetical 
state is indicative of the initial presence of one o r more biochemical characteristics of 
the one or more biological elements ; and 

iteratively substitute at least one or mor e of the symbols roprocont i ng bio l ogica l 
elements by at least another symbol roprocont i ng a b i o l ogical olomen t using rules that 
represent interactions between the biological elements to detect, based on the initial 
hypothetical state, until a terminal state or until alternative resultant states a re dot o otod, 
such terminal state or such alternative resultant state s indicative of the presence of one 
or more biochemical characteristics of the one o r more biological elements. 

97. (Original) The article of claim 96 wherein one or more of the rules 
comprises an operator for expressing a relationship between at least two of the 
biological elements, the operator conforming to associative and commutative properties. 
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100. (Original) The article of claim 96 wherein at least one of the rules 
represents a feed back or feedforward interaction between biological elements. 

101. (Currently Amended) The article of claim 96 wherein one or more of the 
rules are determined bv a rewriting loaic which is reflective. 

102. (Original) The article of claim 96 wherein one or more of the symbols 
representing the biological elements is typed. 

103. (Original) The article of claim 102 wherein the types of symbols are 
organized in hierarchical classes. 

104. (Original) The article of claim 103 wherein a symbol for one of the 
hierarchical classes is matched by any symbol that is a member of the hierarchical 
class. 

105. (Previously Presented) The article of claim 96 wherein the software is 
further configured to cause the processor to: 

receive a second set of symbols for a hypothetical second state of the biological 

system; and 

compare the second set of symbols to the terminal state or to at least one of the 
alternative resultant states. 

106. (Original) An article comprising machine-readable media having encoded 
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interactions between the biological elements until a terminal state or until alternative 
resultant states are detected. 

107. (Original) The article of claim 106 wherein one or more of the symbols 
representing the biological elements is typed. 

108. (Original) The article of claim 106 wherein the information comprises 
values, each value reflecting the abundance of a biological element in the first state. 

109. (Original) The article of claim 108 wherein generating comprises 
comparing each value to a threshold parameter for the value, and generating a symbol 
for the biological element whose abundance is reflected by the value if the value 
exceeds the threshold parameter. 

110. (Currently Amended) The method of claim 1 further comprising detecting 
whether ono or more rules of the model which are non-terminating is-a* cause infinite 
substitution cha i n chains . 

111. (Previously Presented) The method of claim 110 wherein the detecting 
comprises commutative matching. 

112. (Previously Presented) The method of claim 110 wherein the detecting 
comprises associative matching. 

113. (Previously Presented) The method of claim 1 further comprising 
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115. (Previously Presented) The method of claim 1 further comprising 
evaluating rules of the model to determine if the rules can be reduced to a unique 
normal form. 

116. (Previously Presented) The method of claim 115 wherein the evaluating 
comprises a Church-Rosser checker. 

117. (Previously Presented) The method of claim 1 wherein at least one 
represented element comprises a chimeric signaling molecule, a chimeric transcription 
factor, or an artificial promoter. 

118. (Previously Presented) The method of claim 1 wherein the model 
comprises a rule representing an element of a designed biological circuit. 

119. (Previously Presented) The method of claim 1 further comprising 
determining whether a theorem about the biological system can be proven using the 
rules. 

120. (Previously Presented) The method of claim 119 wherein the theorem is 
evaluated using primitive inference procedures. 

121. (Currently Amended) A method for determini ng the interaction of biological 
elements in a biological system comprising: 

generating a model of the a biological system, the model comprising one or more 
symbols representing an initial hypotheti c al state of one or more biological elements, 
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nfiino the rules to configure eeBfi§urifl§ an inference engine with tho rul es so that 
the inference engine can infer alternative resultant states indicative of the presence of 
nnfi nr more binominal chara c teristics of the one or more biolnqioal elements resets 
by performing substitutions on symbols representing the an initial hypothetical state. 

1 22. (Currently Amended) The method of claim 121 wherein one or more of the 
rules of the model is am determined bv a rewri ting logic which is reflective. 

1 23. (Previously Presented) The method of claim 1 21 wherein at least some of 
the rules are non-terminating. 

124. (Currently Amended) The method of claim 121 wherein the inference 
engine comprises an associative-commutative matcher operator. 

125. (Previously Presented) The method of claim 34 wherein the processing 
comprises indexing multiple branches of possible system evolution and exploring the 
multiple branches. 
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